Wild-type (WT) zebrafish are commonly used in behavioral tests, but the term WT is not a precise description, and corresponds to many different strains (e.g., AB, TU, WIK, and others). Previous studies compared the physiological, behavioral, or metabolic characteristics of different zebrafish strains (indigenous WT populations versus laboratory WT strains). AB and TU are widely used, but at least one study has demonstrated behavioral differences between them. To choose the most appropriate strain for our experiments, we systematically screened behavioral responses of AB and TU fish in several assays. We analyzed the locomotion activity and responses to a light/dark challenge in adults and larvae, and exploratory behavior and color conditioning in adults. Differences were observed for all tests, the strains displaying particular behavior depending on the tests. As larvae, TU displayed a wider activity range than AB larvae at the onset of locomotor behavior; as adults, TU were more reactive to sudden light transitions and recovered the swimming activity faster in T-maze or homebase release in novel tank tests, whereas AB fish had more contrasted circadian rhythms and performed better in color learning. Strain-specific behavior should be considered when designing experiments using behavior.
Introduction
Q uantitative behavior analysis is now considered to be a good indicator of organism responses. Indeed, behavioral responses can be used to evaluate effects of a wide set of stimuli or stressors (e.g., chemicals, particular situations) in studies of pharmacology, toxicology, and ecotoxicology, and/ or in cognition or neurobiology. The use of model fish species, such as medaka or zebrafish, has developed exponentially over the last decade and their use in these contexts is now widely accepted. [1] [2] [3] [4] These model species have the advantage that they allow the combined analysis of an individual's physiology and molecular mechanisms. [5] [6] [7] Furthermore, in the particular context of ecotoxicology, individual responses correspond to the interface between ecological factors and toxicity mechanisms, making individual behavior a particularly relevant and integrative indicator of the effects of pollutants. 6, [8] [9] [10] [11] Most published articles report the use of wild-type (WT) strains of zebrafish. This general term includes numerous strains with variously long laboratory breeding histories (e.g., AB, TU, TL, WIK, and TM1) and also fish obtained from commercial suppliers (e.g., Scientific Hatcheries and petshops) or directly from the wild, such as Nadia, Gaighatta, and Bangladesh. [12] [13] [14] [15] [16] [17] [18] [19] Only genetically defined laboratory lines (including AB and TU) will thereafter be named strains, while fish obtained from the wild or commercially available for which no information on genetics is available, will be, respectively, named wild or commercial populations. Several reports, mostly comparing laboratory strains to wild-caught and/or commercial populations, revealed differences in behaviors. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Indeed, laboratory strains display evidence of domestication, including a loss of shoaling and antipredator behaviors (see, for example, the work of Robison's group 16, 18 ). We report an analysis of the behavioral differences between two well-established laboratory strains, AB and TU. Our aim was to identify, which is more suitable for behavioral tests run in an ecotoxicology context. We monitored the spontaneous swimming activity and activity rhythm expression and recorded responses in challenging, exploration, and learning situations to detect possible differences between strains. Several well-established behavioral assays and age-and sizematched individuals from both strains were used.
Larvae and adult fish were subjected to four different behavioral challenges: the spontaneous swimming activity was measured over 48 h for adults and 72 h for larvae (from 4-7 days postfertilization [dpf ]). Reactivity was evaluated by applying a sudden dark change at the end of locomotion recording for adults and in a specific test for 5 dpf larvae. Exploration in a novel tank and responses in T-maze challenges and color learning in association with food presentation were studied in adults.
Materials and Methods
This study was conducted with the approval of the Animal Care Committee of France under the official license of M.-L. Bégout .
Fish strains, rearing and larvae production
We used two common laboratory strains: the AB strain (ZFIN ID: ZDB-GENO-960809-7) derived from individuals crossed in 1970 in Eugene; and the TU strain (ZFIN ID: ZDB-GENO-990623-3), which was established in the 90's in Tubingen. These strains have been established in our laboratory for 6 years as large batches of individuals from the Amagen platform and Pasteur Institute fish facility. We used 3-12-month-old adult and 4-7 dpf larvae. Adults were maintained at 27°C in a controlled 14-h light/10-h dark (14:10) photoperiod in the same rack and were fed ad libitum twice a day with pellets (INICIO Plus 0.5; Biomar) between 9:00 and 9:30 in the morning and 16:30 and 17:30 in the afternoon and once with artemias (INVE) between 11:30 and 12:30. Eggs were obtained by random pairwise mating of zebrafish. One adult male and one female were placed together the evening before eggs were required in spawning boxes (AquaSchwarz). Eggs were collected in the morning and the fertilization rate assessed within 2 h of collection: only spawns with a rate above 80% were kept. At the same time, spawns were sorted to remove feces, and dead or unfertilized embryos. To provide as homogeneous and similar incubation conditions as possible, 50 embryos from each spawn were transferred to an E3 medium. All analyses with larvae were performed using a mix of an equal number of embryos (10 to 40 embryos depending on assays) from five spawns and were repeated in three independents assays. Embryos and larvae were maintained at 28°C in Petri dishes in an incubator with the same photoperiod as adults. After hatching, chorions were removed manually and larvae were fed with artemias from 5 dpf onward.
Behavioral experiments
Behavioral experiments were performed using 4 or 5 dpf larvae, depending on the test (see below) and 3-12-month-old adult males in a dedicated room were kept at 27°C -1°C, with a 14:10 photoperiod synchronized with the rearing room so as to minimize unwanted correlated effects. Daylight started at 08:30 and there were no twilight transition periods.
Forty-eight-hour swimming activity protocol and light/dark challenge in adults
The purpose of these experiments was to monitor the circadian activity rhythm (48-h swimming activity) as well as photomotor responses used as an indicator of complex phenotypes of stress and anxiety. For each session, fish from each strain were placed randomly (to avoid tank position and session bias) in twelve 3-L tanks (24.5 · 15 · 13.5 cm, AquaBox Ò 3; Aqua Schwarz GmbH) filled with 1.5 L of system water. Tanks were placed in three rows with four tanks in each and were isolated from the neighboring tanks by opaque walls. We ran three sessions and the water was changed after each session. A camera was placed above the tanks that were on top of an infrared (IR) backlight device (IR floor 1 · 1 m; Noldus) to monitor horizontal movements. During the day, the room was lit with two halogen spotlights (Philips 80 W) and IR lights were on. At night, the spotlights were turned off, and only IR light from the floor was used for recordings of fish movements. The fish were placed in their tanks at 17:00 the day before the experiment, for one night of acclimatization. Recording started the next day at 12:30 and lasted 48 h. At the end of the 48-h recording, the fish activity was further recorded for 1 h (light on-1), then they were challenged with a sudden darkness (15 min, light off ) and video recordings continued for 1 h30 (light on-2).
For both protocols, 18 fish of each strain were recorded and challenged and the dependent variable measured was the swimming path length (distance travelled, cm).
Seventy-two-hour swimming activity setup in larvae
This method was used to monitor the onset of the swimming activity as well as the expression of the circadian activity rhythm in larvae. To obtain a higher level of activity, we have selected 24-well plates rather than higher throughput 48-or 96-well plates after Padilla et al.
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Three dpf larvae (10 AB and 10 TU) were individually transferred by the end of the day, ca. 17:00, to the wells of a 24-well plate (Krystal 24, opaque [white] clear bottom microplate), where they were arranged in a mixed design (larvae from both strains were studied at the same time to avoid any trial effect) and visually isolated from each other. The four corner wells were left empty because video acquisition suffered distortion. The 24-well plates were kept overnight in an incubator with a cover placed on top of the plate to reduce evaporation. The following day (4 dpf ), 2 h before the challenge, the well plate was transferred to the video acquisition room and placed on top of a size-matched IR floor, which allowed the larvae to be filmed under both light and dark conditions. A three-way switch permitted filming in the light or dark with constant IR lighting. The entire apparatus was enclosed within a lightproof and temperature-controlled box (hereafter called the ''larvae-box''). The recording of the larval swimming activity started at 12:00 and was continued for 72 h. The dependent variable measured was the distance travelled (cm), and was recorded for 30 larvae per strain.
Light/dark challenge in 5 dpf larvae This challenge was used to monitor the photomotor response. In larvae, it is a classically used test in a wide range of studies from basic research to applied drug screening. The same protocol and the same material were used for this experiment except that larvae were acclimatized in the 24-well plates at 4 dpf and tested at 5 dpf. These experiments were conducted between 13:00 and 18:00 h, corresponding to the most stable activity period for zebrafish larvae. 9 Larvae were challenged in a dark context (5 min light off ) under two conditions (with or without an acclimatization period).
With acclimatization in the larvae-box (protocol 1, P1): the plates were transferred to the video acquisition room at 11:30 and larvae were acclimatized in the larvae-box for 2 h before tests began at 13:30. Video recordings were made over three periods: before (2 h, light on-1),
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during (5 min, light off ), and after light off (2 h, light on-2). The experiment was stopped at 17:35 and only one plate per day was recorded. Without acclimatization in the larvae-box (Protocol 2, P2): the experiment was again started at 11:30, but one plate was transferred every 20 min to the room and left for 2 h on a back-lighted Plexiglas Ò plate beside the larvae-box. Recordings started at 13:30 for the first plate after its transfer to the larvae-box. Video recordings were made over three 5-min periods: before (5 min, light on-1), during (5 min, light off ), and after light off (5 min, light on-2) and up to 10 plates per day were processed, compatible with a high-throughput challenge procedure.
The dependent variable measured was the distance travelled (cm) and was recorded for 40 (P1) or 100 (P2) larvae per strain.
Exploration in a novel environment in adults
In addition to providing information on the exploratory ability of the fish, the swimming characteristics recorded during exploration are giving indications as to how fish cope with this novel environment. Two experimental models were used: a T-maze and a novel tank challenge. The T-maze was slightly adapted from 32 and comprised (1) a shallow area, with a water depth of 5 cm, composed of the base of the T (46 cm long), and two arms (one leading to the deep area and one in the opposite direction (total length of these two arms was 66 cm) and (2) a deep area, which was 15 cm deep (10 cm water depth), 23 cm wide, and 23 cm long, containing marbles and plastic grass and was considered to be a favorable zone. Fish were individually acclimatized in a 1-L aquarium at 16:00 on day 1 and challenged on day 2 between 8:00 and 18:00. Fish were placed in the start area of the maze and swimming characteristics recorded for 5 min. Twenty fish were challenged per strain and the dependent variables measured were the latency to first exit from the start area (s), the time spent in each area (s), and the distance travelled (cm) per minute.
The novel tank challenge was performed after 2 h of acclimatization in the room in a 1-L aquarium. Fish were transferred to a novel tank (trapezoid 1.5-L tank; aquatic habitats; sizes in cm: height 15.2 · width 7.1 · length 27.9 at the top and 22.5 at the bottom) and filmed for 6 min as previously described. 33 Twelve fish were challenged per strain. For space occupancy analysis, tanks were separated into two zones: the top zone, including one third of the volume and the bottom zone, including two-thirds, the dependent variable measured was the time spent in each zone per minute.
Color learning by adult zebrafish
The purpose of this test was to evaluate conditioned learning in both strains by using a color preference test. In the fish rearing facility, six 20-L glass aquariums on one rack were selected; three housed 15 TU adult males and three housed 15 AB adult males. For each strain, two tanks were subjected to colored light conditioning; the third tank was a control. Fish were fed normally with pellets according to the schedule described previously. For conditioned tanks, a green light, located in front of the tank was switched on during 10 s and 2 mL of artemias was distributed 2 s after light-on. Distribution and conditioning were made once a day and the artemias concentration was high enough to allow all fish in the tank to have their share. This operation was repeated daily for 15 days. The experiments were performed on days 16 to 20.
Fish were tested in a behavioral apparatus inspired by Risner et al. 34 and hereafter called the ''color-test box''. It was 45 cm long and 32 cm wide and composed of two main areas: the home area and chamber area. Its walls were made of white opaque Komatex Ò and its bottom was made of transparent Plexiglas Ò . It was placed on a size-matched IR floor lit by 2 IR spot lights (28 LEDs-12 Lux, Ref. 203900; SimRadio). The home area was 32 cm wide and 30 cm long and had black masking material on its walls to prevent light scatter. The chamber area was separated into three open chambers by opaque Komatex dividers so the visual stimulus could be presented to each chamber independently. The chamber area was 15 cm wide and 32 cm long and each of the three chambers was 15 cm wide and 10 cm long. The back wall of each individual chamber was made of diffusing Plexiglas. Three different LED spots with each a on/off switch and a remote control for choosing the light color, either green or blue (LED RGB 3W), were positioned behind the back wall. The colors were chosen according to Mueller and Neuhauss. 35 The colortest box was filled with 12 L of system water and placed in a dedicated room kept at 27°C and lighted with one halogen spotlight (Philips 80 W). A camera was installed above the box (in top view) and allowed recording the fish in all areas.
Fish were subjected to two tests at the time of the day corresponding to conditioning (11:30-12:30) . In the first test (test 1), they were gently individually placed in the start zone of the home area and recorded until the end of the test. After 2 min, one randomly picked chamber was lit in green for 30 s, and the two remaining chambers remained under ambient light. In the second test (test 2), the same protocol was used except that when the green light was on, an additional randomly picked chamber was lit in blue for the same 30-s duration. The variable measured was the time spent in each area and chamber; 15 control fish and 30 conditioned fish of each strain were challenged.
Data recording and analysis
Videos for the swimming activity, T-maze exploration, and novel tank experiments with adults were recorded with an analogue camera ICD-48E (Ikegami) and 2.7-13.5-mm lens (Fujinon) linked to a PC with an acquisition card and EthoVision XT software (Noldus). Videos for the larvae locomotion and adults color learning experiments were recorded using a digital DMK31AU03 camera (The Imaging Sources) and 1.4-12.5-mm lens (Fujinon) using IC-Capture software (The Imaging Sources).
For all experiments, EthoVision software was used for track extraction and analysis. Data were acquired by EthoVision at 25 frames per second, and variables (distance travelled, time spent in each area) were nested for further treatments every 30-min for locomotion in adults (48-h) and in larvae (72-h), or every 1-min for adults and every 30-s period for larvae for light/dark challenge experiments.
Statistical analysis
The results reported in text and all figures are mean -SEM. All fish used in these experiments (except the ones in the color learning test) were anesthetized in benzocaïne (SigmaAldrich; 50 mg/L in water from a 100 g/L stock solution in ethanol) at the end of the challenge and were measured for mass and length, differences between strains were tested using one-way ANOVA. In case AB and TU differed in mass and/or length, the effects of differences were resolved by comparing all variables relating to the swimming activity in a repeated measures analysis of covariance, ANCOVA. Fish strain (AB and TU) was taken as a between-subject factor and body mass or length as a covariate and showed no significant interaction with strain whatever the test used.
For the 48-or 72-h swimming activity experiments, transition periods induced an exacerbated pattern; therefore, it was necessary to analyze these 30-min light off and light on periods immediately following the light change separately. Remaining day and night periods were divided into blocks of six or seven 30-min periods. Within each period, ANOVA tests were used to compare the distances travelled between the different strains. The distance travelled was also compared between daytime and nighttime, excluding the transitional half-hour periods, using ANOVA. For light/dark challenge experiments, distances travelled were compared over three periods of 15 min each for adults and 5 min each for larvae: before (light on-1), during (light off ), and after light off (light on-2), in both cases, repeatedmeasure ANOVA (RM-ANOVA) was used followed by Newman-Keuls post hoc tests. For T-maze tests, latency to first exit of the start area, the time spent by fish in the three areas of interest (shallow, start, and deep sections), occupation of different zones, and the distance travelled were compared between strains with ANOVA tests. The same statistical tests were used to compare occupation of the upper and bottom zones in the novel tank test. For both assays, a discretization per minute was performed to analyze any temporal evolution of the distance travelled (T-maze) and top zone occupancy (novel tank) using RM-ANOVA followed by Newman-Keuls post hoc tests. Finally, the time spent in the different chambers during color challenge was compared between strains using ANOVA. All statistical analyses were performed with Statistica 9.0 software (Statsoft) and the significance of results was ascertained at p < 0.05.
Results
Forty-eight-hour swimming activity in adults and 72-h swimming activity in larvae: spontaneous activity In 6-month adults and for both strains, mass were homogeneous (AB = 178.4 -6.8 mg, TU = 160.7 -6.4 mg, F (1,36) = 3.58, p = 0.066), but length differed (AB = 2.37 -0.03 cm, TU = 2.29 -0.02 cm, F (1,36) = 5.06, p = 0.031), diurnal activity, evaluated as distance travelled, was the highest in the morning, and then decreased to a minimum at midday before increasing again in the afternoon. The nocturnal activity followed a similar U-shape VIGNET ET AL.
although the distance moved was shorter than during the daytime (Fig. 1A) . Differences were observed for last daytime and nighttime blocks with AB fish being more active than TU fish at the end of the day and the opposite at the end of the night (Fig.  1B) . The distance travelled by AB fish during the day was greater than that by TU fish (ANOVA F (1,35) = 5.87; p = 0.021; Fig.1C ), such that the cumulated distances travelled indicated that AB fish were diurnal, and that this was not the case for TU fish. For both strains, the larval activity increased during 4 dpf, reached a plateau at 5 dpf, and then decreased until the end of the experiment (Fig. 2A) . During night periods, the activity decreased to a minimum similar for all three nights and both strains. The activity of TU larvae was higher compared with AB larvae for almost all daytime periods. AB larvae became more active than TU larvae during most night periods after 5 dpf (Fig. 2B) . The cumulated distance travelled for all day and all night periods indicated that larvae of both strains were clearly diurnal, and confirmed that TU larvae were both more active than AB larvae during the day (ANOVA F (1,60) = 31.36; p < 0.001) and displayed a more contrasted activity between day and night (Fig. 2C) .
Light/dark challenge
Light/dark challenge was applied to both adults (after the 48-h activity recording; Fig. 3 ) and larvae (at 5 dpf; Fig. 4 ).
In 6-month-old adults (same fish as above) and for both strains, the light change produced an immediate and sustained increase in activity that lasted throughout the following dark period. The subsequent light on-2 elicited an additional increase of activity that decreased rapidly afterward (Fig. 3A) . For both strains, the various periods appeared significantly different from each other except in the case of light off/light on-2 comparison for AB strain (Fig. 3B) . The only difference between strains was during the dark period, when TU fish showed more activity than AB fish (RM-ANOVA F (3,18) = 5.34; p = 0.004).
Two protocols were used for larvae: with (P1) or without (P2) an acclimatization period in the larvae-box.
For the duration of the P1 test as a whole, TU larvae were less active than AB larvae. For both strains, light off produced a synchronization of activity and larvae started with similar activity levels. The activity of AB larvae progressively increased during light on-2 and reached a plateau identical to that during light on-1 period *30 min after light off; the activity increase for TU larvae during the corresponding period was limited (Fig. 4A) . When considering periods of equivalent duration (Fig. 4B ), ANOVA analysis indicated that for both strains, the activity during the dark period was significantly higher than the preceding and following light periods (ANOVA F (2,40) = 11.98; p < 0.001 for AB larvae and F (2,40) = 12.65; p < 0.001 for TU larvae). This analysis also 
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showed that, within each period, there was no difference between TU and AB strains (Fig. 4B) . Using a shorter alternative procedure, P2, dark challenge did not elicit any specific response although the subsequent light on-2 was associated with the classical decrease in activity (Fig. 5) . Statistical analysis indicated that TU larvae were less active than AB larvae during light on-1 and light off periods, but not during light on-2 (RM-ANOVA F (3,200) = 6.52; p < 0.001; Fig. 5B ).
T-maze-exploration behavior and novel environment
For this experiment with 12-month adults, mass were different (AB = 409.0 -24.0 mg, TU = 343.7 -16.9 mg, F (1,40) = 4.93, p = 0.032), but showed no interaction with strain, and length were homogeneous (AB = 2.97 -0.05 cm, TU = 2.88 -0.03 cm, F (1,40) = 2.19, p = 0.146). Similar numbers of fish of the two strains reached the deep area (18 and 16 of 20 for AB and TU strains, respectively), and the mean latency before reaching this zone was not significantly different (ANOVA F (1,34) = 1.92; p = 0.176). This is in agreement with the observation that the first exit from the start area did not differ between strains (ANOVA F (1,40) = 1.45; p = 0.236; Fig. 6A ). Over the total duration of the challenge, TU fish tended to spend more time than AB fish in the start area (ANOVA F (1,40) = 32.85; p = 0.058), although the residence time in other areas was not different (Fig. 6B) . Monitoring of the locomotor activity in the shallow area showed a gradual increase of TU fish activity, which became significantly higher than AB fish activity from minute 3 ( 
Novel tank-comparison of homebase behavior
For this experiment in 3-month old adults, both mass and length were different: (AB = 145.1 -17.6 mg, TU = 285.6 -31.4 mg, F (1,24) = 14.97, p < 0.001; AB = 2.03 -0.09 cm, TU = 2.45 -0.07 cm, F (1,24) = 14.35, p < 0.001), but showed no interaction with strain. To compare anxiety levels between adults of the two strains, we used the novel tank diving test (Fig. 7A) . Fish from both strains spent most of the time in the bottom zone of the tank, but in both cases, the time spent by fish in the top zone increased over time. Discretization of value per minute indicated that for most Min-periods, TU fish spent more time than AB fish in the top zone ( Fig. 7B ; RM-ANOVA F (6, 24) [Mean -SEM; in (B), upper case letters indicate significant differences between strains within periods and lower case letters indicate significant differences between periods within strains; n = 18 per strain].
FIG. 4. Light/dark challenge with larvae-protocol P1. (A)
Locomotor activity was recorded for the 2 h before a sudden dark period lasting 5 min (gray shadowing). The fish were recorded for a further 2 h. (B) Locomotor activity during 5-min periods was used for statistical analyses. [Mean -SEM; in (B), upper case letters indicate significant differences between strains within periods, and lower case letters indicate significant differences between periods within strains; n = 40 per strain].
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Color learning
Fish were subjected to colored light conditioning during 15 days by associating feeding with artemias with a green light, as described in the Methods section and two color preference place tests were performed within the next 5 days to evaluate their learning abilities. In test 1, conditioned fish of both strains spent significantly more time in the green chamber than in control chambers (ANOVA F (1,45) = 13.89; p < 0.001 for AB fish and F (1,45) = 4.89; p = 0.032 for TU fish; Fig. 8A ). In the second test, designed to differentiate color conditioning from light conditioning, only conditioned fish were used. AB fish spent significantly more time in the green zone than in other zones (ANOVA F (2,30) = 6.16; p = 0.003), but this was not the case for TU fish (ANOVA F (2, 30) = 0.15; p = 0.859) (Fig. 8B) .
Discussion
The increasing use of zebrafish, and in particular for behavioral assays, in various fields of research, a detailed knowledge of elements, which can be a source of difference between replicates, is required. In addition, assays using behavioral endpoints relying on natural behavior are very diverse thereby increasing the difficulties of interpretation and comparison between studies. Several experiments using laboratory strains and WT populations have indicated that behavioral responses vary according to the strain used. Consequently, the fish strain could be an important source of variation between assays. We therefore conducted a systematic comparison of the behavior of two widely used laboratory WT strains: AB and TU.
We assessed the natural behavior of adults and larvae in the absence of challenges: we monitored the locomotor activity over long periods of time, including two or more night periods. Adults of both strains displayed U-shaped actograms, with the top of the U corresponding to transition periods (between day and night and between night and day) and the bottom of the U to the middle of the day and night periods. Discretization of the activity led to identification of differences between the two strains. Comparing daily and the nocturnal activity revealed a diurnal pattern for AB fish, whereas the activity of TU fish was more evenly distributed. In the case of larvae, both strains were clearly diurnal with 5 to 10 times more activity during day periods than night periods over 72 h of recording. For both strains, there was a large increase in the activity during the fourth dpf. In the case of the AB strain, activity plateaued from the end of 4 dpf, whereas for TU larvae, the increase continued until 5 dpf. This overall shape of the activity profile is consistent with the development of larvae standing on their side until 4 dpf, and then inflating their swim-bladder around 5 dpf. 36 At this same stage, the larvae start feeding. A combination of swimming and feeding behaviors presumably, therefore, explains the surge of activity observed at 4-5 dpf. This change in the daily activity has previously been described for WT populations. 37 The development of locomotor behavior parallels the maturation of serotoninergic neurons, 38 and the application of exogenous dopamine inhibits the initiation of swimming at 5 dpf. 39 A large increase in the activity of larvae between 3 and 5 dpf has also been reported by Thirumalai et al., 39 but Prober et al. who monitored larvae from 5 to 7 dpf found no such increase. 40 Note, however, that Thirumalai et al. used 5-cm-diameter Petri dishes, whereas Prober et al. used 96-well plates, and this methodological difference can cause large differences in the behavior of larvae 41 ; in addition, Prober et al. recorded activity as seconds of activity over 10 min rather than the true distance travelled. 40 Prober et al. observed a decrease in activity by the end of 5 dpf and during 6 dpf. This observation is in agreement with Experiment 2 reported by Colwill et al. 37 and the findings by MacPhail et al. for the influence of experimental conditions on larval behavior at 6 dpf. 9 MacPhail et al. also reported that the variability measured decreased along with the activity level during the day. These various observations were used to identify the afternoon, 6 dpf, as the preferred time period to perform individual larval behavioral assays. Similarly, we observed a stabilization of the activity level by the end of 6 dpf as well as a reduction in variability. In MacPhail's study, there is no indication of the strain used. Note that we found TU to have a significantly higher diurnal activity than AB. We are unaware of any previous demonstration of differences in the spontaneous locomotor activity between the larvae of different strains, although various short assays at different ages have been described. 37, 42 Long-duration assays are useful for analyzing the expression of natural patterns and divergence from them under experimental situations. However, they are not suitable for mass screening because they are mostly low throughput. Consequently, alternative, shorter procedures have been developed to trigger responses, and several such assays have been described for both larvae and older fish.
The light/dark challenge is straightforward, and is therefore widely used to trigger behavioral responses in larvae. We found that light transition also produced strong pulses of activity in adults, so we assessed the responses of fish at both stages. As expected, adults of both strains displayed a strong reaction to light changes, with a significant increase in activity during light-off. The TU strain displayed a larger response, with a threefold increase versus a twofold increase for AB fish. In the case of larvae, several protocols have been used with different step numbers and duration, with and without acclimatization, and different well sizes. [41] [42] [43] We used two protocols, P1 with a 2-h acclimatization step inside the larvaebox and P2 without acclimatization. Using P1 protocol, we observed the expected increase in the larval activity associated with the light-off switch for both strains, and the expected subsequent decrease. These findings are in agreement with previously reported data 9, 41, 42 and no differences were observed between strains. Because P1 only allowed assessment of 1 plate (20 larvae) per day, we also assessed P2, which allows a higher throughput. However, in P2 tests, and for both strains, the light-off switch did not elicit the expected increase in activity, although the following light-on induced the expected decrease in activity. AB larvae were more active than TU larvae during all three periods, the difference being particularly high for light on-1 and light off periods. Differences between laboratory strains in a similar assay have recently been reported: 5 dpf AB larvae were more active than TL larvae during dark periods. We observed no change in the activity between light on-1 and light off periods, and this is not consistent with previous reports for similar assays; this discrepancy is probably because in our protocol, activity monitoring started after an acclimatization period in the light as in the study by Ali et al. 43 and not in the dark as was the case in several other studies. 9, 41, 42 However, Ali and collaborators used 96-well plates, 43 whereas we used 24-well plates, which have been shown to elicit a higher activity. 41 Many tests have been developed to assess several adult behaviors in challenged situations. We chose to use wellestablished tests to assess responses to light stimuli and exploratory and novel environment behaviors. The T-maze device was used to assess exploration: other than TU fish spending more time in the start area, no differences were observed in the exploratory behavior between strains. The locomotor activity of TU fish significantly increased over the 5-min duration of the test. A parallel can be made with the vertical position in the novel tank test in which, TU fish displayed an early homebase release with a significant increase in the time spent in the upper zone over the test duration and a significantly higher stay duration in the upper zone than AB fish. Homebase occupancy has been described to be an indicator of anxiety 27,44,45 and we have also found an association between homebase release and hyperactive behavior. 46 Our various findings suggest that adult TU fish were more active in a novel environment and that AB fish displayed a more anxious behavior. Similar differences have been described in a report comparing a WT population with strains selected for particular phenotypes (albino, leopard, and longfin): commercial WT fish displayed less anxious behavior than mutant fish 27 ; the authors pointed out that this behavioral difference should be taken into account when setting up experimental protocols and choosing strains. Our study extends this point to laboratory strains widely used in research. Our data suggest that to obtain the most significant results, the more anxious AB strain should be favored for evaluations of anxiolytic drugs/manipulations in adults, and that the TU strain should be favored for evaluations of anxiogenic drugs/ manipulations. For investigations involving rhythm monitoring and/or long-term behavior in which the contrasted circadian activity is required, the AB strain should clearly be favored over the TU strain because it displays a robust diurnal rhythm. Finally, for assays involving color conditioning, the choice will depend on the complexity of tests: adult fish of both strains are efficiently conditioned by the green color as assessed by a green/no light shuttle box test. However, for three-color choice protocols (green/blue/no light), the AB strain may be more appropriate because they showed preference for the color used for conditioning, whereas TU fish did not. This difference in response to conditioning between AB and TU strains is in agreement with the results of a conditioning preference place test. 21 Several studies have reported behavioral differences between laboratory strains and commercial or wild-caught populations, 17, 18 including differences in behavioral activities, 16, 24, 27, 30 thigmotaxis, 30 social behavior including (aggression, shoaling, and reproduction), 12, 14, 16, [19] [20] [21] [22] 24, 31, 47 boldness with or without contamination 22, 30, 48, 49 and conditioning or learning new tasks. 12, 13, 21, 23 However, these studies comparing laboratory strains and WT populations clearly differ from ours, in which, two laboratory strains were compared. In addition, several previous studies used commercial populations, and their genetic background was not known. Nevertheless, they indicate that different genetic backgrounds can lead to behavioral differences, as already been demonstrated for other fish and other species. 50, 51 Laboratory strains have, since their establishment, been subject to classical selection based on zootechnical criteria, and in particular, robustness and fertility. Such directed selection processes are often accompanied by a relaxation of selection pressure on other previously essential criteria, for example, predator avoidance. This explains why independent domestication events may lead to convergent phenotypes for some criteria (e.g., robustness and fertility), but not others, like behavior (see 24 and this work). Time spent in green chamber versus zones with no stimulus: the value is higher for conditioned fish than control fish for both strains (mean -SEM; *p < 0.05; n = 15 for control fish for both strains, n = 30 for AB and TU conditioned fish). (B) Time spent in green chamber versus blue or no light chamber for AB and TU conditioned fish (mean -SEM; different letters indicate significant differences between colors within strains, n = 30 for each strain).
In summary, using a large palette of behavioral monitoring methods, including long-term and challenge assays, we demonstrate that zebrafish strains AB and TU, widely used in research, display some similar and some divergent behaviors. Similar and different behaviors were observed for both larval and juvenile/adult stages. Since zebrafish behavioral tests, including simple monitoring of the locomotor activity of larvae, are being increasingly used in diverse disciplines, care should be taken to select appropriate strains, and in particular for work involving large-scale screening. [52] [53] [54] The recent report that maturation of shoaling differs between AB and TU strains and is associated to differences in dopamine and serotonin levels in the brain of developing fish shed light on possible mechanisms underlying such interstrain behavioral differences. 
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